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Effect of renal tubular obstruction on stop-flow pressure and glomeru-
lar deposition of flbnn during intravascular coagulation in the rat.
Intravascular coagulation in the rat kidney was induced by intravenous
infusion of thrombin for 1 hr. The proximal tubular free-flow (P,) and
stop-flow (P) pressures were measured by micropuncture. Some
proximal tubules were obstructed with solid paraffin before infusion of
thrombin. In certain rats saralasin or indomethacin was administered
for I hr starting 30 mm after the thrombin infusion, and the effect on the
tubular pressures was studied. The deposition of fibrin in the glomeruli
was examined by light and electron microscopy. P fell from IS 1 (SE)
to 7 2mm Hg (P < 0.05) during the infusion of thrombin. After a brief
period of increased pressure the Pf fell rapidly from 37 I to 17 I
mm Hg (P < 0.05). In the previously obstructed nephrons the pressure
(P0) increased parallel to the increase in Pf but remained elevated after
the infusion of thrombin, 54 2 mm Hg. The arterial blood pressure
(Pa) increased from 119 2 to 138 3 mm Hg (P < 0.05). Saralasin
raised the Pf from IS Ito 19 1 mm Hg (P < 0.05) but had no effect
on P, P0, or Pa. Indomethacin did not influence the pressures.
Morphological examination revealed fibrin in all glomeruli of normal
nephrons. In the previously obstructed nephrons the deposition of fibrin
was almost totally prevented. The results suggest that glomerular
filtration is important for deposition of fibrin in the kidney.
Effets de l'obstruction tubulaire rénale sur Ia pression de stop-flow et le
dépôt glomerulaire de tIbrine pendant Ia coagulation intravasculaire chez
le rat. Une coagulation intravasculaire dans Ic rein de rat a été induite
par Ia perfusion intraveineuse de thrombine pendant 1 hr. Les pressions
tubulaires proximales en flux libre (Ps) et en stop-flow (Pf) ant été
mesurées par microponction. Certains tubules proximaux étaient ob-
strués avec de Ia paraffine solide avant Ia perfusion de thrombine. Chez
certains rats, de Ia saralasine ou de l'indométhacine ant été adminis-
trees pendant I hr, en commencant 30 mm aprés Ia perfusion de
thrombine, et leur effect sur les pressions tubulaires a été étudié. Le
dCpôt de fIbnne dans les glomérules a etC examine en microscopic
optique et électronique. P a chute de 15 I (SE) a 7 2 mm Hg (P <
0.05) pendant Ia perfusion de thrombine. Apres une breve periode
d'Clévation de Ia pression, Pf a chute rapidement de 37 I 17 1 mm
Hg (P < 0.05). Dans les nCphrons préalablement obstrués, Ia pression
(P0) s'est Clevée parallèlement a I'augmentation de P1 mais est restCe
ClevCe aprCs Ia perfusion de thrombine, 54 2 mm Hg. La pression
artérielle (Pa) s'est ClevCe de 119 2 a 138 3 mm Hg (P < 0.05). La
saralasine a augmentC Ia Pfde 15 I a 19 I mm Hg(P <0.05), mais
n'a pas eu d'effet sur P, P0 ou Pa. L'indomCthacine n'a pas influence
ces pressions. L'examen morphologique a rCvClé de Ia fibrine dans tous
les glomerules des nephrons normaux. Dans les nephrons préalable-
ment obstruCs, Ic depot de fibrine Ctait pratiquement completement
prevenu. Ces rCsultats suggerent que Ia filtration glomerulaire est
importante pour Ic depOt de fibrine dans Ic rein.
Deposition of fibrin in the kidneys occurs in many forms of
renal disease, including toxemia of pregnancy, rejection of renal
transplants, acute glomerulonephritis, and acute renal failure
[1]. Its pathogenetic significance is unclear, partly because the
mechanisms behind the deposition of fibrin in the kidneys are
unknown.
Infusion of thrombin and inhibition of fibrinolysis with tran-
examic acid in rat give rise to fibrin depositton, mainly in the
glomerular capillaries and to acute renal failure. Cathechol-
amines [2] and angiotensin 1113, 4], given during intravascular
coagulation in experimental animals, increase the amount of
fibrin in the kidney, whereas inhibitors of these substances have
the opposite effect [4, 5]. These results could be taken as
evidence that renal vasoconstriction is important for the deposi-
tion of fibrin in the kidneys [6].
We have recently found that unilateral ureteral occlusion
(UUO) for 24 hr substantially reduces deposition of fibrin in the
occluded kidney [7]. This measure also induces afferent arterio-
lar constriction and decreased renal blood flow [8]. Our finding
therefore contradicts the vasconstriction hypothesis. After
UUO for 24 hr glomerular filtration is reduced [8, 9], and this
could have been the factor causing the reduction in fibrin
deposition in the glomeruli.
The present investigation was designed to study the role of
glomerular filtration for deposition of fibrin in the kidney. The
tubular free- and stop-flow pressures were measured by micro-
puncture before, during, and after infusion of thrombin. The
effect of obstruction of single proximal tubules before the
infusion of thrombin and consequent reduction of glomerular
filtration in this nephron on the deposition of fibrin in the
glomeruli was studied by light and electron microscopy.
Methods
Fifty-two male Munich-Wistar rats weighing 190 to 340 g
were used. They had free access to food (Ewos rat pellets) and
tap water before the experiments. Anesthesia was induced by
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Fig. 1. Tubular pressures (P) and mean arterial blood pressure (Pa)
before and after infusion of thrombin. Symbols are: 0, P; 0, P; A, P0
(black = AMCA + thrombin, white = saline infused controls); ,
significantly different (P < 0.05) from values before the infusion of
thrombin in the same group.
intraperitoneal injection of mactin® (Byk-Gulden-Konstantz),
120 mg/kg body weight in 10% aqueous solution. A free airway
was established by tracheostomy. The mean arterial blood
pressure (Pa) was recorded via a catheter in the right common
carotid artery. Two catheters were inserted into the right
external jugular vein for infusions, Sodium chloride, 0.9%,
(saline) was infused throughout the experimental period at a
rate of 1 mi/hr. An incision was made in the left flank, the left
kidney was dissected free from perirenal fat and connective
tissue, and a polyethylene catheter was introduced into the
ureter. The kidney was put in a cup (Lucite®) and fixed with 3%
agar. The surface of the kidney was covered with mineral oil to
prevent drying.
Tranexamic acid, AMCA (Cyclokapron®, Kabi, Stockholm,
Sweden), 100 mg/kg body weight, was injected into the jugular
vein immediately after control measurements. Fifteen minutes
later infusion of thrombin (Topostasin®, Roche Laboratories,
Nutley, New Jersey), in a dose of 750 National Institutes of
Health (NIH) units per kilograms of body weight in 1.2 ml of
saline lasting 1 hr was started.
Micropuncture studies. The proximal intratubular pressure
under free-flow conditions (Ps) was measured with a micropi-
pette (2 to 5 m) connected to a servonulling pressure recording
device [10], and placed in the lumen of a proximal tubule. The
stop-flow pressure (Pf) was then recorded after injecting solid
paraffin into the same tubule distal to the point of measurement.
Before the infusion of thrombin some proximal tubules not
previously punctured were also injected with paraffin. Direct
glomerular capillary pressure measurements were initially tried,
but we decided to use Psf measurements instead due to techni-
cal difficulties when using our experimental protocol.
Experiment 1. In 26 rats given thrombin and five control rats
given saline the P and Psf were measured before and after the
infusion. The pressure (P0) in nephrons obstructed with paraffin
324
Pa, mm Hg
150
100
bininfusio
AMCA 10 20 30 40 50 60 Time, mm
P, mm Hg
50
40
30
20
Thrombin infusion
10 20AMCA
10
Time, mm
SidhI et a!
20
E
E
//
60
40
E
- 20
0
80
60
E
E
40
20
0
AMCA 10 20 30 40 50 60 Time, mm
20
a-
0.9% NaCI
0
AMCA 10 20 30 40 50 60 Time, mm
Fig. 2. Tubular pressure changes during infusion of thrombin. Each
graph represents one rat. Note the increase in P1 and P0 between 30
and 50 mm.
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Table 1. Tubular pressures 0 to 30 mm after infusion of thrombin and after administration of saralasin or indomethacin, 30 to 90 mina
PmmHg PfmmHg P0mmHg
0 to 30 30 to 90 0 to 30 30 to 90 0 to 30 30 to 90
Thrombin + saline
(8rats)
6 1
N=19
8 lb
N=20
17 1
N=ll
18 3
N=14
59 3
N=19
51 2
N=25
Thrombin + sarala-
sin(llrats)
6 0
N=33
9 lb
N=47
15 1
N=25
19 lb
N=36
56 3
N=31
51 I
N=4l
Thrombin + indo-
methacin (7 rats)
8 I
N = 18
10 1
N = 26
15 3
N = 14
IS 2
N = 23
42 5
N = 14
49 3
N = 32
Saline controls
(Srats)
IS I
N=13
15 0
N=23
38 1
N=14
37 1
N=22
38 1
N= 11
41 I
N=21
Abbreviations: P, free-flow pressure; Pf, stop-flow pressure; P0, stop-flow pressure in previously obstructed nephrons; N, number of measured
nephrons.
a Mean SE.
b The value is significantly different from 0 to 30 mm observations within the same experimental group (P < 0.05).
before the infusion of thrombin was measured after the infu-
sion.
Experiment 2. In eight rats given thrombin and three control
rats given saline the P, Psf, and P0 were followed during the
infusion. P and sf were measured repeatedly in different
nephrons, and P0 was recorded continuously in one nephron.
Experiment 3. The effects of saralasin and indomethacin on
P1, and P0 were studied in the same rats as in experiment I.
The substances were infused intravenously over a period of 60
mm starting 30 mm after the conclusion of the thrombin
infusion. Eleven rats were given saralasin in saline in an initial
dose of 0.4 mg/kg body weight over 5 mm, followed by 0.48 mg/
kg body weight over 1 hr. Seven rats were given 2 mg of
indomethacin per kg of body weight in phosphate buffer, pH 8,
over 5 mm and then 2.4 mg/kg body weight over 1 hr. Eight rats
received only saline. The P, Psf, and P0 were measured
repeatedly during the infusion.
The mean arterial blood pressure (Pa) was measured continu-
ously in all rats throughout the experiments.
Morphological studies. The kidney surface was superfused
with fixative for 15 mm immediately after the infusion of
thrombin. For light-microscopy 10% formalin in phosphate
buffer, pH 7.4, was used, and for electron microscopy 3%
glutaraldehyde in 0.1 M sodium cacodylate buffer at pH 7.2.
After fixation proximal tubules obstructed with paraffin before
the thrombin infusion were injected with Microfil® (Canton
Biomedical Products Inc.) in retrograde direction using a 20 m
micropipette for subsequent indentification of the glomerulus in
tissue sections. At a different location unobstructed nephrons
were also injected with Microfil®.
Kidneys fixed in formaldehyde were embedded in paraffin,
cut serially in 5-pm thick sections, and stained with Mallory's
phosphotungstic-acid hematoxylin (PTAH) method for fibrin.
One kidney was studied in each of five rats; three to five
obstructed and three to five unobstructed nephrons were inject-
ed with Microfil®.
For electron microscopy pieces of renal cortex containing the
marked nephrons were excised and fixed for a further 2 hr in
glutaraldehyde. The tissue samples were then rinsed with
sodium cacodylate buffer, pH 7.2, and postfixed in osmium
tetroxid in Veronal acetate buffer, pH 7.2, for 60 mm. The
pieces were pretreated en bloc with uranyl acetate in Veronal
acetate buffer at pH 5.0 for 45 mm and then rinsed in Veronal
buffer. The tissue samples were dehydrated in ethanol and
embedded in a mixture of Epon (80%) and araldite (20%). Serial
1-j.tm thick sections were cut tangentially to the kidney surface
until the glomerulus of the blocked proximal tubule was found
by proving that the glomerulus was in continuity with the
proximal tubule containing Microfil®. Ultrathiri sections were
then cut and stained with uranyl acetate for 10 mm and lead
citrate for 2 mm before analysis in a JEM 100 C JEOL electron
microscope. One kidney was studied from each of five rats.
Only obstructed nephrons, three to five per kidney, were
injected with Microfil®.
Statistical evaluation. The differences between groups of
measurements were tested at the 5% level using the paired I
test. Values were expressed as mean SE.
Results
Micropunclure studies
Experiment] (Fig. 1). Before the infusion of thrombin, the P
was 14 0 and the Psf 37 1 mm Hg. After the 60-mm infusion
of thrombin, the P had decreased to 7 2 (P < 0.05)and the Psf
to 17 1 mm Hg (P < 0.05). The Pa increased from 119 2 mm
Hg before the infusion of thrombin to 138 3 mm Hg
afterwards (P < 0.05). In previously obstructed nephrons the
stop-flow pressure (P0) was 54 2 mm Hg after the infusion of
thrombin (P < 0.05).
Experiment 2 (Fig. 2), During the infusion of thrombin, the P
remained unchanged during the first 30 mm and then gradually
fell to below 10 mm Hg. Between 20 and 40 mm the Psf started
to rise slowly to about 50 mm Hg, whereupon a sudden peak to
60 to 85 mm Hg was observed between 40 and 50 mm. A rapid
fall to below 20 mm Hg followed. The pressure in previously
obstructed tubules (P0) increased in a similar way as the P to
60 to 90 mm Hg but remained at this level after the infusion of
thrombin.
Experiment 3 (Table ]). The depressed P increased slightly
over a period of 90 mm after the infusion of thrombin, but
change in the depressed sf was not observed. In rats treated
with saralasin the P 30 to 90 mm after the infusion of thrombin
was similar to that in the rats given only thrombin, and the Psf
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Fig. 3. Light micrograph of the renal cortex after infusion of thrombin. Note glomerulus of previously obstructed nephron (C) at the surface
without fibrin surrounded by dilated Bowman's space and tubules containing Microfil®. The other glomeruli show dark-staining deposits of fibrin.
(Mallory's PTAH stain, x75)
also increased slightly. Indomethacin influenced neither the P
nor Psf. The P0 and Pa showed no change 30 to 90 mm after the
infusion of thrombin and were not influenced by saralasin or
indomethacin.
Morphological studies
Observations of the renal surface in situ. During the infusion
of thrombin the superficial tubules showed a rapid collapse of
their lumina after about 30 to 45 mm, and groups of pale tubules
appeared. Granular casts were occasionally seen in proximal
tubules. A few tubular convolutions were distended, but the P
of these tubules was normal or only slightly raised. The
previously obstructed tubules were usually distended.
Observations in the light microscope (Figs. 3 and 4). Previ-
ously obstructed nephrons were easily identified in light micro-
scope sections, owing to the content of Microfil®. The proximal
tubular lumina of these nephrons were usually distended,
whereas many tubular lumina in unblocked nephrons were
collapsed or contained heavy staining fluid and flocculent
material. Glomeruli belonging to the previously obstructed
nephrons contained almost no fibrin. All other glomeruli,
however, both superficial and juxtamedullary, showed intense
staining for fibrin in their capillary lumina. The fibrin appeared
to be located mainly along the capillary walls. Glomeruli of
previously obstructed nephrons showed the same appearance
whether or not the nephron had been injected with Microfil®.
Glomeruli of control nephrons injected with Microfil® after the
infusion of thrombin contained fibrin.
Observations in the electron microscope (Figs. 5 to 7). In
unobstructed nephrons most capillary lumina in a glomerulus
contained heavy deposits of filaments which sometimes occu-
pied the entire capillary lumen. The filaments were cross-
striated, characteristic of fibrin. Platelets were often present in
connection with the deposits of fibrin, In glomerular capillaries
of previously obstructed nephrons a few fibrin filaments were
occasionally seen. The endothelial cells, the glomerular base-
ment membrane, and the epithelial cells in glomeruli of previ-
ously obstructed and unobstructed nephrons appeared normal.
Flocculent material was present in Bowman's space of unob-
structed nephrons and also in the glomerular capillary lumina.
Such material was never seen in the urinary space of previously
obstructed nephrons. The material probably consists of plasma
proteins suggesting that there may be an increase in permeabili-
ty for large molecules over the glomerular filtration barrier in
glomeruli containing fibrin.
Discussion
The changes in tubular pressures noted during infusion of
thrombin were characterized by a slow continuous fall in P and
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Fig. 4.Lighi micrograph of the renal cortex after the infusion of thrombin. Glomerulus of previously obstructed nephron with Microfil5 (M) in
Bowman's space and only traces of fibrin in the capillary tufts. The adjacent unobstructed glomerulus contains heavy deposits of fibrin. (Mallory's
PTAH stain, x440)
an increase followed by a rather sudden fall in Psf, reflecting
changes in glomerular capillary pressure. At the same time the
systemic blood pressure (Pa) was elevated, probably owing to
peripheral vasoconstriction caused by thrombin [II], The in-
crease in Psi' could be explained by greater constriction of the
efferent arteriole than of the afferent, or by dilation of the
afferent arteriole. As the 'a was elevated, the former explana-
tion appears the more probable. The subsequent fall in might
be explained by afferent arteriolar constriction or by mechani-
cal blockage of the glomerular capillaries by fibrin. The depres-
sion of P and sf is in accordance with our previous results,
which have shown decreased renal blood flow and GFR after
the infusion of thrombin [4, 5]. During the 90-mm observation
period after the infusion of thrombin, the Pt showed a return
toward normal; this was not necessarily a sign of improved
glomerular perfusion, however, as the Psf did not increase, but
it might reflect tubular obstruction due to casts seen in a few
tubules.
The decrease in P and Psf does not appear to be maintained
by the renin-angiotensin system or prostagiandins. Saralasin
had only a marginal effect on the sf• Indomethacin had none at
all. We have previously observed that saralasin had no effect on
the increase in serum urea nitrogen concentration and renal
morphological changes after the infusion of thrombin if not
given until afterwards [12].
The elevated pressure (P0) after the infusion of thrombin in
previously obstructed nephrons are the highest values reported
in cortical nephrons at a normal blood pressure level. It seems
unreasonable that the small increase in systemic blood pressure
(19 mm Hg) that occurred could alone be responsible for the
elevated pressure in these nephrons. Several factors may be
involved. Morphological studies revealed that obstruction of
single proximal tubules prevented the deposition of fibrin in the
glomerulus of the same nephron. Since the other glomeruli
contained fibrin, their blood flow ought to have been reduced.
The blood pressure falls along the interlobular artery, owing to
blood flow to deeper cortical nephrons [l3j. With heavy fibrin
deposition in the glomerular capillaries of unobstructed neph-
rons, flow resistance in these glomeruli will increase and blood
flow decrease, maintaining interlobular arterial blood pressure
at levels higher than normal even in the outer cortical region. As
a consequence, in glomeruli without fibrin deposits the glomer-
ular capillary pressure and the Psf could rise to very high values.
Moreover, no activation of the tubuloglomerular feedback
control to increase afferent arteriolar resistance in this nephron
can occur because distal flow is blocked. These obstructed
328 Stahl et a!
Fig. 5. Electron micrograph of two glomerular capillaries from an
obstructed nephron. The lumen is filled with fiocculent electron dense
material, but no fibrin is seen. Red blood cell is represented by (E).
(x9900)
nephrons will then be exposed to pressure levels normally only
seen in the deep cortical areas [14]. Increased resistance of the
efferent arteriole, owing to the increased activity of angiotensin
II, might have contributed to the elevated pressure [15], but the
lack of effect of saralasin on P0 argues against that mechanism.
Nor does efferent arteriolar dilation mediated by prostaglandins
[16] appear to have occurred, as indomethacin was without
effect.
In the present experiments, however, these two substances
were only given after the thrombin infusion involving a possibil-
ity of ineffective local concentration. It, therefore, would have
been desirable to administer saralasin and indomethacin before
the thrombin, but previous studies show that both these sub-
stances markedly reduce the fibrin deposition in the kidneys [4],
(unpublished results). The vasoactive effects of endogenous
angiotensin II and prostaglandins in fibrin deposition in the
kidneys could therefore not be evaluated by such a procedure.
Morphological studies showed that obstruction of proximal
tubules during thrombin-induced intravascular coagulation pre-
vents deposition of fibrin in the glomerular capillaries of the
same nephron. Glomerular filtration is assumed more or less
completely to cease when a proximal tubule is obstructed [17].
The finding can therefore be explained by inhibition of glomeru-
lar filtration. In a previous study we showed that UUO for 24 hr
prevented the deposition of fibrin in the obstructed kidney,
whereas UUO for 1 hr was ineffective [7]. In UUO for 1 hr the
renal blood flow and GFR are largely unaffected, whereas 24-hr
Fig. 6. Electron micrograph of a glomerular capillary from an unob-
structednephron. A large amount of fibrin (F) is present in the capillary
lumen together with platelets (P) and electron dense flocculent material.
(x8900)
UUO resulted in marked reduction in both [7—9]. These results,
too, agree with the hypothesis that glomerular filtration is a
factor of importance for the deposition of fibrin in the glomeru-
lar capillaries.
Soluble fibrin polymers are formed and circulating during
intravascular coagulation [18]. The formation of fibrin polymers
in vitro has been shown to accelerate with increased protein
concentration [19]. Intravenous infusion of fibrin monomers
gives rise to fibrin deposition in the renal glomeruli of rabbits,
which is poteitiated by fibrinolysis inhibition and unprevent-
able by heparin [20].
In artificial kidneys deposition of fibrin occurs during the
filtration process [21]. Therefore, it is possible that in intravas-
cular coagulation fibrin polymers precipitate in the glomerular
capillaries as a result of the loss of water and sudden increase in
the plasma protein concentration that occur during the glomeru-
lar filtration. The deposition of fibrin would then be inhibited by
factors that prevent an increase in the plasma protein concen-
tration in the glomerulus such as the fall in the effective
filtration pressure during tubular obstruction.
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Fig. 7. Electron micrograph of a capillary from an unobstructed
nephron. Cross-striated fibrin filaments (F) are seen in the lumen. In the
urinary space (US) flocculent electron dense material similar in struc-
ture to that in the capillary lumen is seen. (x32,000)
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